tissues that form from the dorsal and ventral regions of the embryo; however, it is not a fate map.
Initial insights into an active dorsal state are provided tissue results from an active signal (Cooke and Weber, 1983) . Further support for this interpretation is provided by experiments in which the ventral tissue is juxtaposed with dorsal tissue. Analysis of these tissue recombinants reveals that the ventral part of the graft has been altered and now contains dorsal tissues such as muscle. That is, the dorsal tissue appears to instruct (send a signal to) the ventral tissue to change into a dorsal fate. In contrast, grafts of ventral tissue have virtually no effect on dorsal cell fate. Taken together, these data suggest the presence of an active dorsal state and a ground ventral state.
Further evidence for an unactivated ventral state is garnered from experiments done with ultraviolet (UV)-irradiation of amphibian eggs ( Figure 2D ) (Slack, 1991) . When eggs are irradiated during the first cell cycle, development is dramatically perturbed. The resultant UV embryos are radially symmetric and lack a dorsalventral axis. Careful analysis of these UV embryos demonstrates that both ectoderm and mesoderm are present; however, the UV embryos lack all dorsal derivatives and only ventral tissues are present. The interpretation of these results was that an active dorsal signal was destroyed, leaving only the inactive ventral state.
Taken together, these classical embryological experiments were interpreted as follows (Figure 4) . First, ventral tissue is a ground state. Second, formation of dorsal To explore a potential role for BMP in early development, a few groups added exogenous BMP4 to embryos (reas an endogenous ventral-inducing signal stems from viewed by Harland, 1994) . They discovered that BMP4 RNA in situ hybridization experiments. BMP4 mRNA is actively induces the formation of ventral mesoderm. Reexpressed on the ventral side of the developing embryo markably, the induction of ventral mesoderm is obat the appropriate time to play an essential role in ventral served even when BMP4 and dorsal-inducing molecules patterning (Schmidt et al., 1995) . The critical issue, howare added together. Furthermore, microinjection of ever, is to establish whether BMP4 actually functions in BMP4 mRNA in vivo leads to formation of ventralized vivo in the processes that it is able to mimic by exogeembryos that lack dorsal structures such as the notonous addition. This is essential, as classical embryologichord and muscle. Taken together, these findings sugcal experiments never revealed the presence of an active gest that BMP4 is an active signal that induces ventral ventral signal. mesoderm and that this ventral-inducing signal blocks One approach to defining the endogenous role of or overrides the endogenous dorsal-inducing signal.
BMPs is to eliminate BMP signaling in vivo and to deterHowever, these studies were done with addition of exogmine if there are any phenotypic effects (Figure 3 ). This enous BMP4, which raises the question of whether has been addressed in three separate ways: with dominant negative BMP-receptors that specifically block BMP4 performs these roles in vivo. Support for BMP4 both the mesoderm and the ectoderm employ conserved mechanisms. Formation of both ventral mesoderm and ventral ectoderm requires an active BMP signal; inactivation of this signal leads to formation of dorsal mesoderm or dorsal ectoderm. This is in contrast to the models in which dorsal signaling is dominant. As reviewed earlier, the Spemann organizer produces secreted signals that appear in an active fashion both to dorsalize mesoderm and to induce the formation of convert ventral ectoderm to dorsal ectoderm (neural induction). This discovery set off a frenzied and intense search for molecules with these abilities. Recently, two BMP signaling, with antisense BMP4, and with dominant unrelated secreted molecules, noggin and chordin, have negative-forms of BMP4 ligand (Graff et al., 1994 Harland show that chordin and noggin bind to BMP4 Similar experiments using dominant-negative BMP reand BMP2 with high affinity. The subnanomolar binding ceptors and antisense and dominant-negative BMP4
affinities are approximately the same as the affinity of have been performed to determine the role of BMP sigthe cognate signaling-receptors for the ligand. In addinaling in the ectoderm. The results from the ectodermal tion, the DeRobertis group suggests that the concentrastudies parallel the conclusions drawn from the experition of chordin present in vivo is high enough to inhibit ments in the mesoderm (Hawley et al., 1995; Sasai et al., endogenous BMP function. Noggin and chordin not only 1995). That is, dorsal-ventral patterning of the ectoderm bind BMP but also abolish BMP activity by inhibiting requires an intact BMP signaling pathway. Blocking ligand binding to the signaling receptor (Holley et al., BMP signaling converts ventral ectoderm, epidermis, to 1996; Piccolo et al., 1996; Zimmerman et al., 1996) . dorsal ectoderm, neural tissue. The converse is also Therefore, the organizer signals antagonize active ventrue; addition of BMP4 protein to cells fated to become tral signals rather than actively promoting dorsal fates. neural tissue (dorsal) converts them to epidermal cells Conclusions (ventral) (Wilson and Hemmati-Brivanlou, 1995) .
These studies have placed us in a much better position to understand patterning of two germ layers. In addition, Therefore, it is likely that dorsal-ventral patterning of Classical embryological experiments suggest that the organizer (green) induces dorsal fates by sending an active inducing signal and that ventral fates are a ground state. Molecular experiments suggest that active BMP signals induce ventral tissues and that blocking BMP signaling leads to formation of dorsal fates. Recent studies reconcile the differences between these two views as the organizer signals (chordin and noggin) function by blocking BMP signaling. The hatched lines indicate patterning effects in the endoderm that appear likely but have yet to be definitively proven. Ecto, ectoderm; Meso, mesoderm; Endo, endoderm.
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Future Directions

